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(57) ABSTRACT 

A radio receiver is adapted to receive radio signals in at least 
two frequency bands, in which the radio Signals are modu 
lated by information signals. The radio receiver includes a 
device for down-converting a received radio signal to an 
intermediate frequency signal by using a local oscillator, and 
a demodulating device for recovering the information Sig 
nals from the intermediate frequency signal. The frequency 
of the local oscillator is Selected So that the frequencies of at 
least one of the frequency bands are above the frequency of 
the local oscillator, and the frequencies of at least one of the 
frequency bands are below the frequency of the local oscil 
lator. 

12 Claims, 5 Drawing Sheets 
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RADIO RECEIVER AND A RADIO 
TRANSMITTER 

FIELD OF THE INVENTION 

The present invention is directed to a radio receiver 
including a device for down-converting a received radio 
Signal modulated by information Signals to an intermediate 
frequency Signal by using a local oscillator, and a demodu 
lating device for recovering the information signals from the 
intermediate frequency signal. The radio receiver of the 
present invention is adapted to receive radio Signals in at 
least two frequency bands. 

The present invention also is directed to a corresponding 
radio transmitter adapted to transmit radio Signals in at least 
two frequency bands, the radio transmitter including a 
device for modulating an intermediate frequency signal by 
information signals, a device for converting the intermediate 
frequency Signal to a radio signal by using a local oscillator, 
and a device for transmitting the radio Signal. 

BACKGROUND INFORMATION 

In known receivers and transmitters, of which the Super 
heterodyne receiver and corresponding transmitters are 
examples, the frequency of the local oscillator can be 
selected either above or below the frequencies of the rel 
evant frequency bands. For each band the frequency of the 
oscillator should be variable over a range corresponding to 
the range of the band, because the difference in frequency 
between the radio signals and the local oscillator should be 
equal to the frequency of the intermediate Signal, which has 
a very low bandwidth around a fixed frequency. However, in 
many situations the frequency bands cover a wide frequency 
range. This is the case, for example, with respect to multi 
band mobile telephones. Such telephones could for instance 
be adapted to receive and/or transmit signals in the GSM900 
band (900 MHZ) and the GSM1800 band (1800 MHZ). If 
the same local oscillator should be used for the two bands in 
this case, the oscillator should be variable over a range of at 
least 900 MHZ, which would be very difficult to implement 
in practice. Therefore, it will normally be necessary to use 
a separate local oscillator for each band. 

However, the use of two or more Separate local oscillators 
complicates the design of the receiver or the transmitter 
considerably, and, especially, it takes up more Space, which 
is a critical point in mobile telephones, because much effort 
is devoted to reducing the Size of the telephones. 

SUMMARY OF THE INVENTION 

An object of the present invention is, therefore, to provide 
a receiver and a transmitter which are able to receive/ 
transmit Signals in at least two frequency bands with the use 
of only one single local oscillator. 

In accordance with the present invention, this object is 
achieved in that the frequency of the local oscillator is 
Selected So that the frequencies of at least one of the 
frequency bands are above the frequency of the local 
oscillator, and the frequencies of at least one of the fre 
quency bands are below the frequency of the local oscillator. 
When the frequency of the local oscillator is selected to be 

between the relevant frequency bands, i.e. above the fre 
quencies of the lower band (e.g., 900 MHZ) and below the 
frequencies of the upper band (e.g., 1800 MHZ), the range 
over which a single oscillator should be variable (i.e. the 
bandwidth of the oscillator) is reduced considerably. 
Therefore, it is possible to implement Such an oscillator in 
practice. 
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2 
When the receiver or the transmitter of the present inven 

tion is adapted to receive or transmit radio signals in only 
two frequency bands and the frequency of the local oscil 
lator is Selected in a range Substantially halfway between the 
two frequency bands, the range over which the Single 
oscillator should be variable is reduced even further to a 
range of Substantially the same size as for each band, 
because approximately the Same oscillator frequencies may 
be used for both bands. If, for instance, the two bands are the 
earlier-mentioned GSM900 and GSM1800 bands, the inter 
mediate frequency could be Selected to be approximately 
450 MHZ, causing the frequency of the local oscillator to be 
in a range of around 1350 MHZ for both bands. 
With respect to the receiver, it is well known that the 

Selection of a local oscillator frequency above the frequen 
cies of the relevant frequency band for the received radio 
Signals causes Sideband reversal in the down-converted 
Signal, So that the upper Side band at radio frequency 
becomes the lower Side band at the intermediate frequency, 
and Vice versa. This side band reversal does not occur when 
the frequency of the local oscillator is below the frequencies 
of the radio frequency Signals. When the local oscillator 
frequency is Selected between the two bands, a Switch from 
reception in one band to reception in the other band will 
therefore also cause a change of the Side bands in the 
intermediate frequency signal. This change of Sidebands 
must be compensated in the receiver, for instance in the 
demodulating device. 
When the demodulating device is a quadrature demodul 

lator adapted to recover the information Signals in the form 
of an In-phase signal (I Signal) and a Quadrature-phase 
Signal (Q signal), and when the modulation of the received 
radio signals is a phase modulation or a frequency 
modulation, this compensation may be implemented by 
implementing a receiver that includes a device for assigning 
one sign (+or -) to the Q signal when the frequency of the 
received radio Signal is below the frequency of the local 
oscillator, and the opposite sign when the frequency of the 
received radio Signal is above the frequency of the local 
oscillator. It can be shown that in the quadrature demodu 
lator the change of Side bands means a change of the Sign of 
the Q signal and, therefore, the change may be compensated 
by changing the Sign back. 

Further, it can be shown that a change of Sign of the Q 
Signal is equivalent to Swapping or exchanging the I Signal 
and the Q signal. Therefore, the compensation of the change 
of sidebands may be implemented in that the receiver 
moreover comprises a device for keeping the I Signal and the 
Q signal unchanged when the frequency of the received 
radio signal is above the frequency of the local oscillator, 
and for exchanging the I Signal and the Q Signal when the 
frequency of the received radio Signal is below the fre 
quency of the local oscillator. 

In the transmitter case a similar effect is present. The 
Selection of a local oscillator frequency above the frequen 
cies of the relevant frequency band for the transmitted radio 
Signals causes Sideband reversal, So that the upper side band 
at intermediate frequency becomes the lower Side band at 
the radio frequency, and Vice versa. Also here, the Side band 
reversal does not occur when the frequency of the local 
oscillator is below the frequencies of the radio frequency 
Signals. When the local oscillator frequency is Selected 
between the two bands, a Switch from transmission in one 
band to transmission in the other band will therefore also 
cause a change of the Side bands in the radio frequency 
Signal. This change of Sidebands must be compensated in the 
transmitter. 
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When the modulating device is a quadrature modulator 
adapted to modulate the intermediate frequency Signal by 
information Signals in the form of an I Signal and a Q Signal, 
and when the modulation of the received radio signals is a 
phase modulation or a frequency modulation, this compen 
sation may be implemented by a transmitter that includes a 
device for assigning one sign (+or -) to the Q signal when 
the frequency of the radio signal is below the frequency of 
the local oscillator, and the opposite sign when the frequency 
of the radio signal is above the frequency of the local 
oscillator. As with the receiver, it can be shown that in the 
quadrature modulator a change of the Sign of the Q Signal 
corresponds to a change of Side bands in the intermediate 
frequency Signal and, therefore, Such a change can compen 
Sate the Sideband change that occurs when the intermediate 
frequency signal is converted to the radio signal. 

It can be shown that a change of Sign of the Q signal is 
equivalent to Swapping or exchanging the I Signal and the Q 
Signal. Therefore, the compensation of the change of Side 
bands may be implemented in that the transmitter moreover 
comprises a device for keeping the I Signal and the Q Signal 
unchanged when the frequency of the radio signal is above 
the frequency of the local oscillator, and for exchanging the 
I signal and the Q signal when the frequency of the radio 
Signal is below the frequency of the local oscillator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a receiver for radio Signals according to the 
present invention. 

FIG. 2 shows the Spectrum of Signals with a local oscil 
lator above and below the radio frequency band, respec 
tively. 

FIG. 3 shows respective graphs for GSM900 and 
GSM1800 signals. 

FIG. 4 shows an alternative embodiment for a receiver 
according to the present invention. 

FIG. 5 shows the function of a quadrature modulator. 
FIG. 6 shows a signal vector for the modulator of FIG. 5. 
FIG. 7 shows the function of a quadrature demodulator. 
FIG. 8 shows a vector diagram of a change of Sign of the 

Q Signal. 
FIG. 9 shows a vector diagram of the swapping of the I 

and Q Signals. 
FIG. 10 shows an implementation of the swapping of the 

I and Q Signals. 
FIG. 11 shows a transmitter for radio Signals according to 

the present invention. 
DETAILED DESCRIPTION 

FIG. 1 shows a receiver 1 for radio signals. The incoming 
radio signals are received at an antenna 2 and taken to a radio 
frequency tuner and amplifier 3. The amplified radio fre 
quency Signals are then down-converted to a predetermined 
intermediate frequency f. in a frequency converter com 
prised of a mixer 4 and a local oscillator 5. The adjustable 
frequency f, of the local oscillator 5 may be selected below 
or above the radio frequency f. that is to be received, as is 
shown in FIG. 2, so that 

floff-fir 

O 

In both cases, an intermediate frequency f=f-f, 
will be produced in the mixer 4. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
FIG. 2 shows the spectrum of the various signals vs. 

frequency. f. is shown as an arrow at a single frequency, 
whereas the RF and IF signals are shown as spectrums with 
a certain spectral distribution. (The specific distribution 
shown is not important, it may vary depending on the 
modulation scheme used). An L (for low) and H (for high) 
are used to indicate the position of each part of the RF 
Spectral distribution. 

In both cases, the RF spectrum is down-converted to the 
IF Spectrum using the LO signal. In the lower part of the 
figure where f, is below f, the Spectrum of the RF signal 
remains unaltered, except for the shift to a lower frequency 
(f). On the other hand, in the upper part of the figure where 
f, is above f, the spectrum of the RF signal is Switched, 
so that the H portion is moved to the low side, and the L 
portion is moved to the high Side. In other words, the 
spectrum of the RF signal is replaced by the mirror of the 
same spectrum at IF (spectrum mirroring or Sideband 
reversal). 
As will be seen from FIG. 1, the intermediate frequency 

signal is fed from an IF amplifier and filter 6 to a demodu 
lator 7. Very often this will be a quadrature demodulator, and 
in that case the outputs from the demodulator 7 will be in the 
form of the two quadrature Signals labeled I(t) and Q(t). 
These signals are then processed in decoding circuitry in the 
apparatus. However, as this part of the apparatus is not 
relevant for the present invention, it is not shown in the 
figure. The function of the quadrature demodulator will be 
described later. 
A receiver according to the present invention is adapted to 

receive radio Signals in at least two different frequency 
bands. For instance multiband mobile telephones could be 
adapted to receive and/or transmit signals in the GSM900 
band (900 MH) and the GSM1800 band (1800 MH). If the 
frequency of the local oscillator is selected above f for the 
lower band and below f for the higher band, as is shown 
in FIG. 3, the frequencies of the local oscillator could be 
Selected from the Same range for both bands. However, as 
mentioned above, this will have the drawback that the 
sideband reversal will take place for the lower band. This 
means that when the receiver Switches from one band to the 
other, a Switch of Sidebands will take place in the interme 
diate frequency Signal, and Such a Switch is normally not 
allowable. 

Normally, it will be difficult for the radio frequency 
amplifier 3 to handle Signals with Such a great difference in 
frequency and, therefore, the circuit may be modified as 
shown in FIG. 4. In this case, an amplifier is provided for 
each band, i.e. an amplifier 8 for one band (e.g. GSM900) 
and an amplifier 9 for the other band (GSM1800). The input 
from the antenna 2 is passed through a diplexer 10, which is 
a combination of bandpass filterS Separating the two bands. 
A Switch 11 selects which of the two amplified radio 
frequency signals is Sent to the mixer 4. In other respects the 
circuit is similar to that of FIG. 1. 
The function of the quadrature modulator and demodul 

lator will be described in the following. The demodulator is 
used in the receiver and the modulator correspondingly in a 
transmitter. The function of the modulator is to move 
information from baseband up to a carrier which is the 
intermediate frequency (f) in this case. The quadrature 
modulator is a special modulator, characterized by its ability 
to be used at both amplitude modulation (AM), phase 
modulation (PM) and frequency modulation (FM) and also 
at the digital equivalents PSK and FSK. Furthermore, the 
quadrature modulator is able to Suppress the carrier itself 
and unwanted mixing products (spurious signals), a func 
tionality which is often hard to achieve using other types of 
modulators. 
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The Schematic of the quadrature modulator is shown in 
FIG. 5. Input signals to the modulator are the two signals I 
(t) and Q (t). According to FIG. 5, the output s(t) of the 
quadrature modulator is given as (the angular frequency is 
defined as ()=2 (f): 

S(t)=(t)sin(ot)+Q(t)cos(ot), (A.1) 

This expression may be rewritten as: 

S(t)=A(t)sin(ot+(t)) (A.2) 

where 

A(t)-V1200 
and 

p(t) = arctan() 

(A2) is the general expression for a modulated Signal. In 
(A.2), A(t) is the amplitude of the modulated signal S(t), and 
up(t) is the phase of S(t). The carrier frequency is col=2tf. 

Furthermore, it also follows from (A2) that: 

and 

From (A.3) and (A4), S(t) may be expressed as a vector 

Since the orthogonal functions cos(cot) and sin(ot) may be 
considered as the orthogonal unity vectorS X and y, respec 
tively. The signal vectors S(t) with length A(t) and angle (t) 
is shown in FIG. 6. 

The function of the quadrature demodulator is to move 
information from the IF frequency in this case down to 
baseband. This is described through the diagram in FIG. 7. 

By considering one of the branches in FIG. 7, the signal 
I() may be calculated as 

= f(t) - (t)cos(2cost) -- Q(t)sin(2coct). 

The high frequency terms are removed by using the 
lowpass filter, and the result is the baseband signal I(t). Q(t) 
may be obtained similarly. 

Remembering now the general expression for a modu 
lated Signal, the radio frequency Signal received at the 
antenna 2 may be written as 

AS Seen above, the intermediate frequency is obtained by 
down-conversion using the local oscillator (LO) frequency: 

GSM900: fr1=fo-for-1 (A.7) 

GSM1800: f=f-f 

From (A.7) and (A8), the inputs (t) to the demodulator, 
i.e. the intermediate frequency Signal, is given by: 

(A.8) 
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GSM900: 

SiFi (t) = A(t)sin(cotoi - (coRF1 t + p(t)) (A.9) 
= A(t)sin(CoLot) - coRF it - p(t)) 
= A(t)sin(Colfi - p(t)) 

where 

COFOOOORF1 

and 

GSM1800: 

SIF2(t) = A(t)sin(a)RF2i + p(t) - (olot) (A.10) 
= A(t)sin(of 2i + p(t)) 

where 

COF2CORF2CO. 

From (A9) and (A.10), it is observed that the phase p(t) 
changes sign when a Switch is made between GSM900 and 
GSM1800. 

For GMSK and other phase modulation schemes, the 
amplitude A(t) is constant, and the l- and Q-signals are, 
therefore, given by (cf. (A3) and (A4)): 

I(t)=A cos((t)) (A.11) 

and 

Q(t)=A sin((t)) (A.12) 

Consequently, the following Set of relations between the 
I and Q signals is obtained from (A9) and (A.10): 

where 

The vector signal diagram shown in FIG. 8 may be 
constructed from equations (A.13) and (A.14). 
As the phase (t) changes as a function of time, the two 

vectors will rotate reversely. In order for the I and Q signals 
to be identical, it is necessary to change the sign of Q(t) 
when the band is Switched between GSM900 and 
GSM1800. The same result is obtained by swapping the I 
and Q Signals. In the latter case, the phase will rotate in the 
same direction for both GSM900 and GSM1800, but there 
will be a constant difference of 90° between the two bands, 
as illustrated in FIG. 9. 

This can be seen from: 

where iso(t) and Oooo(t) denote the I- and Q-signals after 
the Swapping. 
A constant phase contribution is, however, not a problem, 

Since the absolute phase is always unknown. Therefore, it is 
of no importance whether the sign of Q(t) is Switched, or I(t) 
and Q(t) is Swapped. Consequently, the Sideband reversal in 
the down-converted Signal may be compensated by Swap 
ping the I and Q Signals at the output of the quadrature 
demodulator. 

(A.15) 

(A.16) 
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The Swapping of the I and Q Signals may be implemented 
with an analog switch circuitry, as shown in FIG. 10, where 
the CNTRL input places the Switch in the lower position for 
GSM900 (swap) and in the upper position for GSM1800 (no 
SW). 

Kematively the bits may be inverted after the differen 
tial decoder. This may be done in hardware or software. A 
configuration similar to that in FIG. 10 may be used to invert 
the bitstream internally in the baseband unit. 

Above, the Situation has been described for a receiver. 
However, the problem and the solution are the same in the 
transmitter Situation. An embodiment of a transmitter is 
shown in FIG. 11. 

The I and Q signals from the coding circuitry are fed to 
the modulator 22, which was shown in FIG. 5. The modul 
lated intermediate frequency signal is amplified in the ampli 
fier 23 and then mixed with the signal from the local 
oscillator 25 in the mixer 24. The output from the mixer 24 
contains signals in both radio frequency bands and in the 
diplexer they are divided between the two radio frequency 
amplifiers 27 and 28. Finally, a Switch 29 Selects which of 
the two signals is fed to the antenna 30. Also here, a sideband 
reversal occurs in the radio frequency signals when the 
transmitter shifts between the two bands. Again, it can be 
shown in the same way as above that this reversal effect may 
be compensated by a change of Sign of the Q signal or by 
Swapping the I and Q Signals before they are fed to the 
modulator 22. 
Although a preferred embodiment of the present invention 

has been described and shown, the present invention is not 
restricted to it, but may also be embodied in other ways. For 
instance the principle may also be used in units adapted for 
more than two frequency bands. 
What is claimed is: 
1. A radio receiver for receiving a radio signal in at least 

two frequency bands, the radio signal being modulated in 
accordance with a plurality of information signals and 
according to one of a phase modulation and a frequency 
modulation, the radio receiver comprising: 

a down-converting device for down-converting the 
received radio signal to an intermediate frequency 
Signal, the down-converting device including a local 
oscillator having an oscillation frequency that is above 
a plurality of frequencies of one of the it least two 
frequency bands and below a plurality of frequencies of 
another one of the at least two frequency bands, and 

a demodulating device for recovering the plurality of 
information Signals from the intermediate frequency 
Signal, the demodulating device including a quadrature 
demodulator for recovering the plurality of information 
Signals as an in-phase Signal and a quadrature-phase 
Signal; and 

a first device for 
assigning one of a positive sign and a negative sign to 

the quadrature-phase signal when a frequency of the 
received radio signal is below the frequency of the 
local oscillator, and 

assigning another one of the positive sign and the 
negative Sign to the quadrature-phase Signal when 
the frequency of the received radio signal is above 
the frequency of the local oscillator. 

2. The radio receiver according to claim 1, wherein the 
oscillation frequency of the local oscillator is Selected to be 
in a range Substantially halfway between the at least two 
frequency bands. 

3. The radio receiver according to claim 1, further com 
prising: 
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8 
a Second device for maintaining the in-phase Signal and 

the quadrature-phase signal unchanged when a fre 
quency of the received radio signal is above the fre 
quency of the local oscillator, and for exchanging the 
in-phase Signal and the quadrature-phase signal when 
the frequency of the received radio signal is below the 
frequency of the local oscillator. 

4. A radio transmitter for transmitting a radio Signal in at 
least two frequency bands, the radio transmitter comprising: 

a modulating device for modulating an intermediate fre 
quency Signal in accordance with a plurality of infor 
mation Signals and in accordance with one of a phase 
modulation and a frequency modulation, the modulat 
ing device including a quadrature modulator for modul 
lating the intermediate frequency signal as an in-phase 
Signal and a quadrature-phase signal; 

an up-converting device for converting the intermediate 
frequency Signal to the radio signal, the up-converting 
device including a local oscillator having an oscillation 
frequency Selected Such that a plurality of frequencies 
of one of the at least two frequency bands are above the 
Oscillation frequency and a plurality of frequencies of 
another one of the at least two frequency bands are 
below the oscillation frequency; 

a first device for 
assigning one of a positive sign and a negative sign to 

the quadrature-phase signal when a frequency of the 
radio signal is below the frequency of the local 
oscillator, and for 

assigning another one of the positive sign and the 
negative Sign to the quadrature-phase Signal when 
the frequency of the radio signal is above the fre 
quency of the local oscillator; and 

a transmitter device for transmitting the radio signal. 
5. The radio transmitter according to claim 4, wherein the 

oscillator frequency is Selected to be in a range Substantially 
halfway between the at least two frequency bands. 

6. The radio transmitter according to claim 4, further 
comprising 

a Second device for maintaining the in-phase Signal and 
the quadrature-phase signal unchanged when a fre 
quency of the radio signal is above the frequency of the 
local oscillator, and for exchanging the in-phase Signal 
and the quadrature-phase Signal when the frequency of 
the radio Signal is below the frequency of the local 
Oscillator. 

7. A radio receiver for receiving a radio Signal in at least 
two frequency bands, the radio signal being modulated in 
accordance with a plurality of information signals and 
according to one of a phase modulation and a frequency 
modulation, the radio receiver comprising: 

a down-converting device for down-converting the radio 
Signal to an intermediate frequency Signal, the down 
converting device including a local oscillator having an 
Oscillation frequency that is above a plurality of fre 
quencies of one of the at least two frequency bands and 
below a plurality of frequencies of another one of the 
at least two frequency bands, 

a demodulating device for recovering the plurality of 
information Signals from the intermediate frequency 
Signal, the demodulating device including a quadrature 
demodulator for recovering the plurality of information 
Signals as an in-phase Signal and a quadrature-phase 
Signal; and 

a Second device for maintaining the in-phase Signal and 
the quadrature-phase signal unchanged when a fre 
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quency of the received radio signal is above the fre 
quency of the local oscillator, and exchanging the 
in-phase Signal and the quadrature-phase Signal when 
the frequency of the received radio signal is below the 
frequency of the local oscillator. 

8. The radio receiver as recited in claim 7, wherein the 
oscillation frequency of the local oscillator is Selected to be 
in a range Substantially halfway between the at least two 
frequency bands. 

9. The radio-receiver as recited in claim 7, further com 
prising 

a first device for 
assigning one of a positive sign and a negative sign to 

the quadrature-phase signal when a frequency of the 
received radio signal is below the frequency of the 
local oscillator, and 

assigning another one of the positive sign and the 
negative Sign to the quadrature-phase Signal when 
the frequency of the received radio signal is above 
the frequency of the local oscillator. 

10. A radio transmitter for transmitting a radio Signal in at 
least two frequency bands, the radio transmitter comprising: 

a modulating device for modulating an intermediate fre 
quency Signal in accordance with a plurality of infor 
mation Signals and in accordance with one of a phase 
modulation and a frequency modulation, the modulat 
ing device including a quadrature modulator for modul 
lating the intermediate frequency signal as an in-phase 
Signal and a quadrature-phase signal; 

an up-converting device for converting the intermediate 
frequency Signal to the radio signal, the up-converting 
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10 
device including a local oscillator having an oscillation 
frequency Selected Such that a plurality of frequencies 
of one of the at least two frequency bands are above the 
Oscillation frequency and a plurality of frequencies of 
another one of the at least two frequency bands are 
below the oscillation frequency; 

a Second device for 
maintaining the in-phase signal and the quadrature 

phase signal unchanged when a frequency of the 
radio signal is above the frequency of the local 
oscillator, and for 

eXchanging the in-phase signal and the quadrature 
phase Signal when the frequency of the radio Signal 
is below the frequency of the local oscillator, and 

a transmitter device for transmitting the radio signal. 
11. The radio transmitter according to claim 10, wherein 

the OScillator frequency is Selected to be in a range Substan 
tially halfway between the at least two frequency bands. 

12. The radio transmitter according to claim 10, further 
comprising 

a first device for 
assigning one of a positive sign and a negative sign to 

the quadrature-phase signal when a frequency of the 
radio signal is below the frequency of the local 
oscillator, and for 

assigning another one of the positive sign and the 
negative Sign to the quadrature-phase Signal when 
the frequency of the radio signal is above the fre 
quency of the local oscillator. 
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